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IMPROVED MICRO ARRAY READER 

FIELD OF THE INVENTION 
5 The present invention relates to an optical imaging device, and in particular, to a 

device for use in reading a microarray of samples, such as an array of chemiluminescent or 
fluorescent sample regions on a substrate. 

BACKGROUND OF THE INVENTION 

10 There is a growing emphasis, in the fields of drug screening, nucleic acid 

sequencing and analysis, and protein engineering, on preparing and reading high density 
arrays of chemical or biological species. Such arrays can now be prepared efficiently by 
massive parallel schemes, such as the selective photomask techniques disclosed in U.S. 
Pat. No. 5,143,854. Microarrays of this type are typically formed in a planar area of 

15 between about 4 to about 100 mm 2 , and may have densities of up to several hundred 
thousand or more distinct array members/cm 2 . 

In the usual application, the members of the microarrays are libraries of different 
polynucleotides, oligonucleotides, proteins, polypeptides or small-molecules with different 
R-group permutations, where each array sequence or permutation is position addressable, 

20 i.e., each array position corresponds to a known sequence or permutation. 

In use, an array surface is reacted with one or more analytes, such as polynucleotide 
analytes, receptor proteins, or antiligand molecules, under conditions that promote 
specific, high-affinity binding of the analyte molecules to one of more of the array 
members. The goal is to identify one or more position-addressable members of the library 

25 array which bind to the analyte, as a method of screening for array compounds which bind 
to the analyte or, in the case of oligonucleotide arrays, as a method of detecting array 
members which can hybridize with the analyte molecule(s). 

Typically, the analyte is labeled with a detectable reporter such as a 
chemiluminescent or fluorescent tag, which labels the one or more array regions where 

30 analyte binding to the array occurs. In relatively sophisticated schemes, two or more 
analytes are labeled with distinct tags and the extent of analyte binding to the array 
members can be quantitated according to the level of chemiluminescence or fluorescence 
at array binding positions. 
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A variety of optical scanning devices have been proposed for reading microarrays 
of this type. U.S. Pat. No. 5,324,633, for example, describes a confocal fluorescence 
microscope device in which a laser light beam is focused by a lens system onto a small 
region of a substrate (beam spot less than the area of each array-member region). The 
5 same lens system is used to image fluorescence emission from the illuminated region onto 
a photodetector through a dichroic mirror. An X-Y movable stage functions to position 
each array region in the substrate successively in the illumination area of the laser beam. 

Scanning confocal microscopes designed to correct chromatic aberration that 
occurs because of the different wavelengths of the illumination beam of fluorescence 
10 signal from the sample have also been proposed, e.g., U.S. Pat. Nos. 5,296,700 and 
5,260,578. Even with relatively elaborate lens systems, however, scanning confocal 
microscopes have a number of inherent features that limit sample resolution and the 
signal-to-noise ratio achievable. 

Charge-coupled devices (CCDs) are the key components in digital imaging 
15 cameras. High resolution cameras may be constructed around these highly sensitive 

devices with a suitable lens system and associated electronics. CCDs offer high quantum 
efficiency and sensitivity, high resolution, and a dynamic range exceeding 100 dB. 
However, even further increases in signal are desirable. 

20 SUMMARY OF THE INVENTION 

The current invention provides an optical imaging apparatus for imaging a sample 
on a transparent substrate, comprising an energy source effective to stimulate detectable 
light from the sample, imaging and detection means for detecting the light emitted from 
the stimulated sample, and a sample substrate holder, wherein a reflective surface is 
25 located below the sample to reflect emitted light into the detection means. The apparatus 
is preferably used in a microarray reader with an CCD detection system. 

The use of the reflective surface has been found to increase signal by as much as 

80%. 



30 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of one embodiment of a microarray reader in 
accordance with the invention; 
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FIG. 2 is a schematic representation of a second embodiment of a microarrray 
reader in accordance with the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

5 The current invention provides an optical imaging apparatus for imaging a sample 

on a transparent substrate, comprising an energy source effective to stimulate detectable 
light from the sample, imaging and detection means for detecting the light emitted from 
the stimulated sample, and a sample substrate holder, wherein a reflective surface is 
located below the sample to reflect emitted light into the detection means. The apparatus 

10 is preferably used in a microarray reader with an CCD detection system. 

The reflective surface may be integrated into the sample substrate holder, 
detachably mounted on the sample holder, or be a component of the transparent substrate, 
e.g. a mirrored microscope slide. The reflective surface may be made of any material 
capable of reflecting light and useful in the relevant environment, however, the preferred 

15 reflective surface is an aluminum, silver or mirrored glass surface. 

Preferably the apparatus of the invention is adapted for reading an array of samples 
and is provided with the requisite mechanical and electronic components for doing so. 
Reading may be linear, two dimensional or in any pattern selected by the operator. 

The energy source is one which will stimulate light emission from the sample, such 

20 as a filtered light source, a laser or an infrared light beam. The samples may be on the 

upper surface of the substrate (Figure 1) or on the lower surface of the substrate (Figure 2). 
The latter represents a preferred embodiment since emitted and reflected light are 
coincident. 

The excited light may be produced by chemiluminescence or fluorescence. 
25 The detection means may be a charge-coupled device, a charge injection device, a 

photodiode array or a scanner. 

Likewise, the invention provides a method for imaging a sample on a transparent 

substrate by the steps of a) irradiating said sample with an energy source effective to 

produce detectable light from said sample, b) providing a reflective surface below the 
30 sample to reflect emitted light into the detection means, and c) detecting the light emitted 

from said sample in response to irradiation. 
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FIG. 1 is a schematic view of an optical scanning apparatus or microscope 10 
constructed in accordance with the invention. The microscope includes a beam generator 
12, including a light source and focusing lens, for generating and focusing a sample- 
illuminating beam 14 onto a sample substrate 18. 
5 The light source in the apparatus is preferably a filtered light source or a laser for 

producing a coherent light beam at a selected wavelength, typically a UV or low-visible 
wavelength corresponding to the fluorescence excitation wavelength of a given fluorescent 
sample reporter. One exemplary light source is an argon laser. The light source and 
focusing lens are also referred to herein, collectively, as a beam generator. 

10 A second or imaging lens system in the apparatus is designed to image light 

emitted from the sample 16, in response to illumination from beam 14, in an imaging 
plane indicated at 32. More specifically, this plane, which is normal to the plane of FIG. 1, 
is defined by a series of light emission axes, each representing the axis of light emitted 
from an illuminated region of the sample, and directed through the imaging Vers system; 

15 directly emitted light 20 is detected along with reflected light 22. 

With reference to FIGS. 1 and 2, light from the imaging system is focused onto a 
detector 36 for measuring emitted light from the sample surface. In the embodiment 
shown, the detector is a commercial photocell having a spatially non-resolving light- 
detecting surface 38, for detecting and spatially integrating total light impinging on the 

20 detecting surface. One suitable detector of this type is a conventional photomultiplier 
tube. Alternatively, the detector may include a one- or two-dimensional arrays of light 
detecting elements, such as provided in a standard charge coupled device. 

With reference again to FIG. 1, the apparatus of the invention also includes a stage 
or sample substrate holder 44 having mirrored surface 46 on which substrate 18 is 

25 supported. The stage is movable in the direction along an axis corresponding to the plane 
of FIG. 1 , normal to the direction of the illumination beam. The stage is movable in 
increments corresponding to adjacent linear arrays in a two-dimensional array pattern on a 
substrate, and typically in increments in the range of 1-20 microns. Microscope stages and 
actuators for incremental stage movement in a single direction are commercially available. 

30 As one example, the substrate microarray may be a high density, two-dimensional 

array of different oligonucleotides suitable for use in sequencing by hybridization or 
detection of mutational forms of analyte nucleic acid. A solution of fluorescent-labeled 
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nucleic acid analyte is placed on the microarray under selected stringency conditions, 
leading to hybridization of the analyte with complementary-sequence oligonucleotides in 
the array, and fluorescent labeling in the array regions where such binding occurs. The 
substrate is then washed to remove unbound and non-specifically bound analyte. 
5 As another example, the microarray may be prepared to include a high density 

array of different polypeptides which collectively make up a combinatorial peptide library. 
To this array is added a fluorescent- labeled receptor or anti-ligand analyte which may bind 
with high affinity to one or more of the library members. After exposing the array surface 
to the labeled target, the surface is washed to remove unbound and weakly bound target, 

10 leaving fluorescent labeling at high-affinity regions of the microarray only. 

Other types of one- or two-dimensional microarrays, such as small-molecule 
library arrays, arrays of single clonal cells, and the like are also suitable. 

After labeling, the substrate is placed on the microscope stage for scanning and 
position mapping. In the configuration shown in FIG. 2 the sample substrate is a 

15 transparent glass slide 50 having a microarray formed on its lower surface 52, and 

consisting of a two-dimensional array of regions. Mirrored surface 54 on substrate holder 
56 reflects light beam 58 to the detector along with emitted light beam 60. 

In a typical scanning operation, the stage is moved to position the scanning plane to 
correspond to one of the linear arrays. The illumination beam is now scanned across the 

20 linear array, exciting fluorescence light emission in each region in the array where labeled 
analyte is bound. The emitted light is imaged onto the photodetector and the intensity of 
light emission is measured. The measured intensity associated with each mirror position, 
or alternatively, with each sensing element in a multi-element photodetector, is recorded 
and stored with the associated region in the scanning plane. 

25 After the regions in a linear array are scanned, the stage is moved to place the 

scanning plane to correspond to the next linear array, and this array is now scanned and 
recorded as above. 

While the invention has been described with respect to specific embodiments and 
applications, it will be appreciated that various changes and modifications maybe made 
30 without departing from the invention. 
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We claim: 

I . An optical imaging apparatus for imaging a sample on a transparent substrate, 
comprising: 

an energy source effective to stimulate detectable light from said sample, 
5 imaging and detection means for detecting the light emitted from said stimulated 

sample, and 

a sample substrate holder, 

wherein a reflective surface is located below the sample to reflect emitted light into 
the detection means. 

10 2. The apparatus of claim 1, wherein said reflective surface is integrated into the 

sample substrate holder. 

3. The apparatus of claim 1, wherein said reflective surface is detachably mounted 
on the sample holder. 

4. The apparatus of claim 1, wherein said reflective surface comprises the lower 
15 surface of the transparent substrate. 

5. The apparatus of claim 1, wherein said reflective surface is an aluminum, silver 
or mirrored glass surface. 

6. The apparatus of claim 1 , further comprising means for scanning an array of 
samples. 

20 7. The apparatus of claim 1 wherein said energy source is adapted to excite 

samples on the upper surface of the substrate and said imaging means is adapted to image 
light received from the upper surface of the substrate. 

8. The apparatus of claim 6 wherein said energy source is adapted to excite 
samples on the lower surface of the substrate and said imaging means is adapted to image 

25 light received from the lower surface of the substrate. 

9. The apparatus of claim 1, wherein said energy source is effective to excite 
sample light emissk at a selected wavelength, and said detector is effective to detect light 
emission at a different wavelength. 

1 0. The apparatus of claim 9, wherein the excited light is produced by 
30 chemiluminescence or fluorescence. 

I I . The apparatus of claim 1 wherein the detection means is a charge-coupled 
device, a charge injection device, a photodiode array, or a scanner. 
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12. A method for imaging a sample on a transparent substrate, comprising: 

a) irradiating said sample with an energy source effective to produce detectable 
light from said sample, 

b) providing a reflective surface below the sample to reflect emitted light into the 
5 detection means, and 

c) detecting the light emitted from said sample in response to irradiation. 

13. The method of claim 12 wherein the sample is positioned on the upper surface 
of the substrate. 

14. The method of claim 12 wherein the sample is positioned on the lower surface 
10 of the substrate, whereby emitted light passes through the substrate. 

15. The method of claim 12 comprising imaging an array of samples. 
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